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RECEIVED 

CENTRALF70(C£NTER 

remarks MAY 0 9 2007 

Claims 31-78 are pending in the application. Claims 75-78 are withdrawn. 

Reconsideration of the present application is respectfully requested. 

Rejection under 35 USC Section ifn 

The Examiner has rejected claims 31-74 as being obvious over Romanczyk, Jr. 

(US 5,554,645; hereinafter referred to as ‘Romanczyk') in view of Wideman et at. (US 
6,1 27,421; hereinafter referred to as ‘Wideman’) on the ground that it would have been 
obvious to modify the food composition of Romanczyk by adding L-arginine because 
both references use their respective compounds for anti-tumor purposes. Applicants 
respectfully traverse the rejection. 

The primary focus and teaching of Wideman is the use of L-arginine in eggs for 
treatment/prevention of pulmonary hypertension syndrome in birds {see, entire patent). 

Regarding the teachings in Wideman of anti-tumor utilities, the Examiner refers to a 
background citation therein of Taylor et at. 1992 and the statement that dietary 
administration of L-arginine to chicken reduces tumor growth. However, Applicants 
submit that as of the effective filing date of the above Application, the knowledge in the 
art as to the anti-tumor/cancer effect of dietary arginine supplementation in mammals was 
highly controversial and various contradictory reports existed in the field. For example, 
see, Yeatman T. J. et at. Depletion of Dietary Arginine Inhibits Growth of Metastatic 
Tumor, Arch. Surg. 1991, 126(1 1):1376-82 (Attachment No. 1, relevant text is 
underlined). Using a mouse (mammalian) model, Yeatman showed that dietary arginine 
depletion inhibited the growth of liver metastases of colorectal cancer cells. Thus, 

Yeatman teaches away from the use of dietary arginine supplementation to inhibit 
tumor/cancer growth, therefore a person of skill in the art would not have been motivated 
to modify the food of Romanczyk by adding L-arginine with any reasonable expectation 
of success that both the polyphenol and L-arginine would have had anti-tumor effects. 
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Applicants further point uuL that Wideman’s subjects are birds, while 
Romanezyk’s subjects are mammals. Thus, in view of the facts that (i) the anti-tumor 
effects of arginine were uncertain, and (u) prior art taught different subjects, a person 
skilled in the art would not lmvc been motivated to use L-arginine of Wideman (i.e., 

Taylor et al) to modify the food composition of Romanczyk and reasonably expect to 
succeed. 

Additionally, neither Romanczyk nor Wideman (alone or in combination) teach or 
suggest the nun-chocolate food composition containing polyphenols and L-arginine “in 
an amount effective to induce a physiological increase in nitric, oxide” (emphasis added). 
The Examiner has not given weight to the effective amount limitation in Applicants’ 
claims as he appears to believe that it is not limiting as it relates to intended use. 
Applicants’ respectfully submit that the effective amount limitation is a functional 
limitation which (together with a numerical limitation for the amount of L-arginine) 
structurally defines the scope of the claims, i.e., it defines the amount of the compounds 
required to be present in the non-chocolate composition. Without any teaching or 
suggestion to this effect, a person skilled in the art would not have been motivated to 
prepar e the non-chocolate composition of claims 31-74 and have a reasonable 
expectation of success at achieving the composition capable of increasing NO levels. 

In view of the above remarks, withdrawal of the rejection is respectfully 
requested. 
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CONCLUSION 



RECEIVED 

CENTRAL FAX CENTER 

MAY 0 9 2007 



In view of the above remarks, Applicants believe that the application is now in 
condition for allowance. A notice to that effect is respectfully requested. 



Date: May 9, 2007 



NADA JAIN, P.C. 

560 White Plains Road 
Tarrytown, NY 10591 
Tel: (914)333-0610 
Fax: (914)333-0615 
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Paper 



Depletion of Dietary Arginine Inhibits Growth of 

Metastatic Tumor 

Timothy}. Yeatman, MO; Geoffrey L. Risley, MO; Mathew E. Brunson, MD 



• The effects of dietary arginine on the growth of a murine 
colon tumor metastatic to the liver were examined in a 
model of advanced neoplastic disease. Tumor growth was 
influenced by arginine both in vivo end in vitro. An ' 
arginine-supplemented diet stimulated tumor growth hv 
compared with controls. Conversely, an arginiinj- 
deplete*! d*et intoUited tumor growth by 7*)*#* rrn mparyj 
Tfrtth controls, i n vitro culture of both murine and hiimjiiil 
colon tumor cells confirmed that arginine was necessary for 
ceil growth. Flow-cytometric * analysis using propidium 
iodide and bromodeoxyvridJne suggested that colon tumor 
cellB cultured without arginine enter a quiescent $ phase 
and depend on arginine for further growth and ceH Cycle 
progression. The potential roles for selective dietary argi- 
nine modulation m patients with cancer with advanced dis- 
ease are dkcu&sed. 

(Arch Surg. 1 991 ; 1 26 : 1 376 * 1 382 ) 

r he influence of arginine on tumor growth and ho« t 
nutrition ~ha~s heerTbivestigaieci for thwp than 
r 70 years? Despite these efforts^ the effect o i dietary ar gi- 
* ‘Wte on tumor growth has not' been clearly elucidated . In 
' Some systems, argmme has been shown to stimulate tu- 
mor growth,” while in other moulds, inhibition nf trim or 
growth was noted. w This apparent paradox may be 
explained by the concept that in vivo rumor growth is in- 
fluenced by multiple, rompeting factors. 

It has beenpostulated that tumor growth is a dynamic pro- 
cess involving a "predator-prey* competition between im- 
munocompetent cells and neoplastic cells in Wirieh growth 
. is the vector sum of cell destruction and cell proliferation.* In 
this model/ tumor progression depends on the capacity of 
th<? Immune system to recognize and destroy neoplastic 
cells— a capacity that may be related to the degree of ti^nor 
immunogenidty. Recent reports have suggested th at 

Accepted for publication - August 3 r 1991, ' “ ” 

From the Department of Surgery, University of Texas, MD 
Andqrson Cartcdr Center (Dr Yeoman); the Department ol Sur- 

g-»ry. University of North Carolina, Chapel Hill <Dr Risley); and the 
Department of Surgery, University of Florida College of Medicine, 
Gainesville (Dr Brunson). 

Presented at the 44th Annual Cancer Symposium of the Society 
of Surgical Oncology, Ort and o, Fla, March 26, 1991. 

Reprint requests to the Department of Surgery, Box 106, Univer- 
sity of T exas, MD Andorson Cancer Center, ISIS Holcombe, Hous- 
ton, TX 77036 (Dr Yeatman). 
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oxgiiime^upplttXLCtttatkKi may dupprcre the growth Of iitt- 
munogenic tumors because of host immunostinuilatory ef- 
fects; however, these giowth-inhibitirig effects were not seen 
wilh luuiwa tliwt w ere weakly imimiriogeiiiC. Growth may 
occur in this system because weakly immunogenic tumor 
cells escape recognition and destruction by otherwise effec- 
tive tuuiDr- directed immune responses. 

Using a weakly immunogenic colon cancer model, we 
determined the effects of arginine on tumor growth. Be- 
cause arginine is considered essential for in vitro Cell cul- 
ture of both normal and neoplastic cells, we hypothesized 
that in vivo tumor propagation may depend on dietary 
arginine and that arginine depletion could inhibit tumor 
growth. Likewise, because immune defenses directed 
against weakly immunogenic tumor may not effectively 
compete with cell proliferation, arginine supplementation 
might enhance tumor growth. 

We chose a model of experimental liver metastasis that 
simulates a state of advanced neoplastic disease in which 
nutritional deficits may become clinically relevant. The 
effects of both dietary arginine supplementation and di- 
etary arginine depletion on the subsequent in vivo growth 
of liver metastases were examined. Similarly, the effects 
of arginine depletion and repletion on the propagation of 
these tumor cells in vitro were investigated. 

MATERIALS AND METHODS 
Animals 

Six- to eight-week-old BALB/c mice were obtained from the 
Jackson Laboratory (Bar Harbor, Me) and housed In the Depart- 
ment of Pathology, ‘rumor Ittoiogy Mouse Colony, University of 
Florida, Gainesville. Mice had free access to solid chow and wa- 
ter and five mice were housed per cage. The mice were age, 
weight, and sex matched for each experiment. 

Cell Unes and Routine Culture Conditions 

Cell line CT-26 was originally derived f r om a chemically 
induced primary, undifferentiated murine colorectal adenocar- 
cinoma and was syngeneic with the BALB/c murine strain. The 
cells are known to be weakly immunogenic (as measured with 
challenge and rechalienge experiments) but highly tumori- 
genkt* Cells were routinely cultured in vitro as a monolayer at 
37*C in a humidified incubator containing 7% carbon dioxide in 
air. Cells were grown in minimal essential medium (Grand 
Island Biological s, Grand Island, NY) supplemented with ItHfc 
heat-inactivated fetal bovine serum (Grand Island Biological*) at 
S x ID 5 cello per 10 mL, Near confluence, after ■* day» ©/growth, 
cell monolayers were detached from the Petri dish (No. 3100, 

\ Matestetic Tumor— Yeatman et a! 
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Costar, Cambridge, Mass) after a incuh&Hnn 

*’ ‘f*P e f al ^t w ^ r °7' m f XLol/L cth yJ">«rfiaminetetraacrtk acfdS 
phosphate-buffered salme, which did not contain «Sdwn £ 
ma^iuin euppiemented with 0.6-mmoVL glucose and^u£ 
cultured m fresh medium. Call viability wa* f c te«nh«d 2;th 
trypan blue dye exclusion using a hemocytometer. 

Human colon adenocarcinoma cells (HT-29) were obtained 

Type T1 ? 3Ue Ctdture Collection (Rockville, 
Md) and cultured as a monolaver ^ ' 



--- . r ~ ~ — ~r */r w v.Oiiecoon (Kockville, 

Md) and cultured as amonolayer (applying standard conditions 
in. RPMI medium (Grand Island Biolozicals) 

VlHP JUl-rtlTTY w_ ” 



explained above) u.i *v«. ui 
with 10% fefal bovine serum. 



Experimental Metastasis Assay 
Experiment^Uvcr metastaseB were produced in vivo using in- 

tra splenic ta G «*Cu\, Mice were oncatlxetUtxl t>eXore mrraSpleruc 

of 3 m S ^ ketamine hy- 
drochlOTidfi and 0*03 mg of acepmmazine males te in phosphate- 
buffered sakne, A suspensfon of 1 .25 * io*‘to X5 x 10» tumor cell* 
£ 0.5 mL of phosphate-buffered saline was Injected into the in- 
fenor spleruc pole over approximately 1 minute using a 
control-rate infusion syringe pump CNo. 355, Sag* Tnc, CW 
badge. Mass). A a mall hemodip was then applied to the inferior 
splenic pole to prevent hemorrhage and back-diffusion of tumor 
ceUs into the free peritoneal cavity. Surgical indsions were dosed 
With metal dips. Spleutevtomy was not performed. Mice under- 
wen t necropsy on day 14, and the extent of hepatic and other me- 
testes es was recorded, Mice received an intravenous injection of 
10% lmjig unk before rveoopqy to Aid in detection of hepatic me- 
tastaw8, Livers were excised and immediately weighed. 

Murine Diets 

Standard Chow. -To examine the effects of supplemental 
argiome, mice were fed with standard solid mouse chow (23.4% 

.protein and 1.38% arginine) ad libitum and wero i^ndomJy ^ 
dgned to one of two groups. Mice were permitted to drink wa- 
ter supplemented with 1% arginine hydrochloride or 1.7% 
(iaordtrogenous) gfydne ad libitum. Mice were administered 
supplemented water 7 days before tumor cell inoculation. Solid 
chow and water intake were monitored in each group. 

Amino Acid-Defined Diets,— To examine the effects of di- 
eiaiy argluii «? depletion, mice were randomly assigned to be fed 
ad libitum one of two solid chow, amino add-defined diets; 
standard-content, arginine-repleted diet (1.2% arginine) or 
argWno-d^plfttod diet (no arginine ). The arginine-depleted dfei 
provided only 0.32% less nitrogen than the arginine-repleted 
diet Water Without any additives was administered ad libitum. 
These specific diets were prepared by Teklad Res ™rch nfefs 
(Madison, Wis). Specific dietary formulas are listed in Table 1. 
All mice were placed on the appropriate diet 7 days before tu- 
mor cell injections. SoHd chow and water intake were monitored 
for each group. 

Culture Conditions Before DNA Analysis 

Select-amine kits (Grand Island Bioiagicals) were used to 
formulate arginine-depleted or axginine-repleted minimal es- 
sential medium and JRPMI medium. In vitro tumor growth 
w©a analyzed, will* flow cy luiiictxy after culture of 3 x10 s 
CT-26 tumor cells in 10 mL of minimal essential medium or 
5 x 10 s HT-29 tumor cells in 10 mL of RPMI- CT-26 cells were 
cultured without or with (D.013% (0.50 mmnl/F.]) Knpple- 
nvented arginine. HT-29 cells were cultured in multiple argin- 
ine concentrations ranging from none to 1.14 aunol/L Cul- 
tures were harvested after 4 days. 

Flow Cytometry 

DMA Analysis With Propidium Iodide. —After culture in 
which specific media conditions were applied, cells were har- 
vested and counted using a ha mo cytometer. Celia were then 
fixed in 70% ethanol solution and treated with 10 pg of propidium 
iodide (PI; Sigma Chemical Corp, St Louis, Mo), per milliliter of 
solution, 0.5% polysorbate 20, and 400 U ribonudease I (Sigma) 

Arch Surg— Vol 126, November 1991 



Tab/c 1. -Composition or Amino Adds In 
Argir>ino»Repleted. Defined Diet 



Amino Add 



Alanine 
Arginine 4 
Asparagine 
Aspartic acid 
Cystine 
Glutamic acid 

Glycine 

Histfdihc 

isoleucine 

Leucine 

Lysine 

Methionine 

Phenylalanine 

Proline 

Serine 

Threonine 

Tryptophan 

Tyrosine 

Valine 



Amount eAg 



3.5 

12,1 

6.0 

33 

3.5 

40.0 
23.3 

43 
8.2 
11 1 
mo 
8.2 
73 
3.5 
33 
822 
1.8 

5.0 

8.2 



♦Omitted In composition of a rgininn- depleted diet. 

before flow cytometric analysis using an argon laser (FAC-STAR; 
Becton-Dicfcmson, Oxnatd CaEI) with an exdtation wavelength 
o» w8 am and a measured emission wavelength of 515±20 run. 
Data were coflected and analyzed using a computer program 
(Consort 30, Becton-Diddnson). DNA hfetagranTtver/^^Tfe 

Percentage oT cells in each phase 

f ^T U . qr, ? < I s ' was determined in duplicate. 

DNA A^alyBis With PI and Bromodeoxyuridine. —After 
CtUture Of HT-29 noils in nonarglnuVs and O.07 -ihai\c 1/L and 
U.57-mmol/L arginine-repleted RPMI medium, 10 uunol/L of 
5 -bromo-2'deoxyuridine (BrdUrri) was added to selected cul- 
tures for 1 hour at 37*C. Cells were then fixed with ethanol 
anti denatured with 4N hydrochloride with 0.5% trmitrotoiu- 
^ (Triton-X 100., Sigma Chemical Corp). According to ston* 
dardized procedures,™ cells were then labeled with flugres- 
cem UotiduLyaiiatij-coiijugatoti anti-brtlUrd antibody (Becfon 
Dickinson) followed by PI. Simultaneous red and green fluo** 
rescence was then measured as indexes of PI and BrdUrd 
mm rprrrr* H^»n, respectively^ 

Amino Add Analysis 

Analysis Of amino arid in whole blood wag performed hy tho 
Metabolic Assessment Laboratory of the University of Florida, 
Gainesville, y 

Staristicaf Analysis 

Data regarding liver weights were expressed as means±$Ds 
and analyzed for population differences by the two-tailed inde- 
pendent t tost or by analysis of variance, Liver metastasis were 
expressed as median values with associated ranges and analysed 
with the Mann-Whitney U test, 

RESULTS 

Effect of Arginine Supplementation on the Jn Vivo Growth 

of ralarM^I l.iver 

To determine the effect of the addition of arginine to the 
standard chow diet (which already contained 1.4% argi- 
nine), mice were randomly aligned to uius of two groups 
before tumor cell inoculation . The first group was given wa- 
ter supplemented with 1% arginine hydrochloride ad Iftri- 
tum, wnerepa an iaonitrogenous dose of 1.7% glycine w tz* 
added to the water of the second group, which was allowed 
this water ad libitum, There was no significant difference be* 
tween groups in water or chow intake. Similarly/ although 

small splenic tumors were occasionally observed, splenic 
Metastatic TVmor^Ysatman et al 1377 
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fig 1 .-^Supplementation of water with 1% arginine (n-B) vs 
supplementation with 1.7% glycine (n— 10) rccufin In the Ctimufa 

tion of in vivo tumor growth (55% increase in weight ; asterisk indi- 
cates P<,02) In the liver , Data are mean liver weights±S£s. 

weights between groups were not different. 

Because metastaseswere confluent in both groups/ liv- 
ers were weighed as a measure of tumor burden with the 
finding that the mean liver weights for the group receiv- 
ing water with arginine (4.9 g) were 55% greater (PC.G2) 
than the mean weights of the group receiving water with 
glycine (2,7 g) (Fig 1). 

Effect of Arginine Depletion on the In Vivo Growth of 
Colorectal liver Metastases 

To confirm the growth-dependence of metastatic tu- 
mors on dietary arginine,, a second method of dietary 
arginine manipulation was used. Mice were randomly 
assigned to two groups and fed either an arginine- 
depleted (nonarginine), amino add-defined diet or a 
standard-con taent arginine diet (1,2% arginine). In this 
experiment/ tumor inoculum was reduced to 1.25 x10 s 
cedis in 0.5 ml of phosphate-buffered saline to prevent 
confluence of metastatic fod. Again, no significant differ- 
ences were noted between the two groups in water or 
chow intake or splenic weights, No splenic tumors were 
observed in these animals. 

Arginine Levels in whole blood were measured in ani- 
mals (n = 4) randomly selected frofii both groups. Al- 
though there was a trend toward decreased aigimne lev- 
els in animals fed nonajgmine diets (0, 1 17± 19 mmoI/L) vs 
those fed arginine repleted diets (0. 154± 18 mmol/L), the 
difference was not significant (F = .10), 

When the median number of metastases were ascertained i 



Arginine 

Repleted 



Arginine 

Depleted 



Chow 



F|§2^ Selective dietary depletion of arginine (n ~8) vs arginine fe- 
Zp&lton (n « 10) diminishes the growth of liver metastases by 78% 
(asterisk Indicates f><. 05). Ranges of counts of tumor colonies in the 
fiver are displayed in parentheses. 

tion and repletion were examined in vitro. CT-26 colon 
carcinoma cells (5 X 10 5 ) were cultured in duplicate in ei- 
ther depleted or repleted medium, with alaiulard 
amounts of arginine (0.013%) being used in the latter. 
Nonargjnine conditions essentially halted all cell growth/ 
as evidenced by the retrieval (4 days after Incubation) of 
2.4 x10 s fewer cells than the number added. When the 
cells were cultured in the presence of arginine, there were 
9 x 10 5 additional cells (total, 1 .4 x 10 c ; Fig 4), Viability was 
greater than 98% in both the arginine repleted and the 
arginine-depleted groups. 

•Flow cytometric analysis of UNA content/cell demon- 
strated that the difference between the groups might 
be secondary to effects on cell division. Growth-phase 
UNA analysis demonstrated that the percentage of 
cells in the S, G2, and M phases was significantly 
greater (P<,02) in the nonarginine-treated ceils (32.5%) 
than in the arginine- treated cells (22.0%)/ suggesting, 
that growth and progression through the cell cycle 
depend on arginine (Fig 5). 

further study of this cell cyde aberration was per- 
formed using human colon adenocarcinoma ceils (HT- 
29). Tumor cell growth was significantly —but 

reversibly— inhibited in a dose-depenaent fashion by 
selective arginine depletion from culture medium (Ta- 
ble 2). Note that the effective dose range in vitro (0.07 



for each croup 1 , he am nme-depietecf group was touneftc u to 0.14 mmol/L) closely approximates the in vivo levels 
\A m have 78% fewer (median, 4b inetast^^ per animal) erosSy A in whole biood (0.12 to 0.15 mmol/L). While HT-29 
yvmtie niHLLUJ-k! l Vodules than the amr^e-rep let^groiip 
"Vmftdian. 21)6 rdetasBses per animal; P<.05; Fig 2 L The rel- 



ative 



f 7celb in cultures containing 0.14 mmol/L arginine or 
in, £xk> i p«. 1 / higher concentrations were recovered In numbers ap- 

differeoces h*rw ggn the arfpri irip-rppWri arm {/ ^TOyimatgly four times that inoculated, only 44% of 
te^fleo'ebed groups canbe s een in Fig 3. No Btimificant / /inoculated HT-29 cells were recovered from the nona> 

. r 1 i i ** 1 1 / I J • i. !• t- /I A fi 



ar ginm iM: o ^ w 

7 TltiferencSfis wertTWS'i jn liver weights between groups be-N 
cause of the smaller tumor burdens. *' 

Effect of Ar^'nine Depletion on Tumor Cell Growth 
In Vitro 

Noting the apparent dependence of in vivo tumor 
growth on dietary arginine, the effects of arginine depie- 



ginine cultures. An intermediate number of cells (1.45 
times the number inoculated) were recovered in the 
0.07-mmol/L arginine cultures. Inhibition of tumor 
growth was unabated despite the addition of isonitrog- 
enous concentrations of glydne, Tumor cells initially 
cultured in nonarginine medium and later recultured in 
0.57-mmol/L arginine multiplied (2.12 times the nunv 
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r\l*+-Monarginine cell culture medium results in less in vitro ceil 
growth than does culture medium containing Q.013% arginine 
(n=2 r a uteris* Indicates F Data ore moans ±5£s. 




Fig s. -Arginine depletion of cell culture medium in vitro, com- 
pared with arginine repletion, increases the percentage of cells in 
S, G2, and M phases of the cell cycle from 72.0% to 32.5% 0=1 as- 
terisk Indicates P<.02). 



ber of cells inoculated were recovered), suggesting that 
the effect of arginine depletion is reversible. Plow- 
cytnmirtde DMA Analysis confirmed sx progressive in- 
crease in the number of S-phase cells with decreasing 
arginine concentrations (ranging from 24% for 0,57- 
mmoI/L arginine tp 43% in the Absence of arginine). 

To determine the nature of this S-phase accumulation, 
cells were labeled with PI alone (controls) or with PI and 
BidUrd simultaneously (Pig 6). The absciBsa represents 
linear relative red fluorescence due to PI staining of cell 
nudei. The ordinate represents log scale relative to green 

fluorescence secondary to BrdUrd uptake. While TI labels 
all DNA, BrdUrd competes with thyrrtidixie and labels 
only newly synthesized DNA and can be detected with 
fluorescein-labeled anti BrdUrd monoclonal antibody. 35 
These studies demonstrate that not all cells accumulating 
in S phase are actually synthesizing DNA but, rather, are 
<luie*c*nt. While nearly all S-phaec cello grown in 0.57- 
nwnol/L arginine were labeled with BrdUrd (Fig 6, C), 
fewer cells and almost none were labeled with BrdUrd 
when cultured in 0.07-in.mol/L Arginine (Fig 6, 8) and 
nonarginine medium (Fig 6, A), respectively. 
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COMMENT 

Using an advanced model of neoplastic disease, we 
found that dietary arginine depletion may reduce the 
growth of liver metasta$es. We also found that, using a 
weakly immunogenic tumor model, arginine supplemen- 
tation may stimulate the growth of tumor in vivo. 

Although the classic experiments of Rose et al 16 dem- 
onstrated that humans require only eight essential amino 
arid* fur nitrogen balance (isoleucine, leucine, lysine, 
methionine, phenlyakmine, threonine, tryptophan, and 
valine). Eagle* 7 found that human and animal normal and 
neoplastic cells required additional amino adds for prop- 
agation in vitro. Arginine, cyst(e)ine, glutamine, histi- 
dine, and tyrosine were the additional amino adds iden- 
ttfled. A number of theories have been proposed to 
explain why tumor can grow in vivo without the amino 
acids considered essential for in vitro culture candid ons. 
One simplistic explanation is that the host may provide 
the arginine needed fox tumor growth. 

Despite some knowledge of the nature of amino add 
growth requirements uf tumor cells> both the role and 
mechanism of action of arginine In the tumor-host rela- 
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Table 2.— Dose-Dependent Effect of Arginine on Human Colon Cancer Growth In Vitro 

Arginine Concentration fn Culture Medium/ mrrol/L* 





None 


0.07 


0.14 


0.29 


0.57 


1J4 


4J0t 


0.57^ 


% cells recovered 


44 


145 


449 


398 


465 


392 


165 


212 


% Cl-phase ceils 


47.9 


51.6 


None 


None 


39.5 


None 


None 


53.6 


% S-pbase cells 


43.3 


33.9 


None 


None 


24.4 


Non© 


. None 


35,6 


% U2-p base and M-phase cells 


8,9 


14.5 


None 


None 


14.1 


None 


None 


10.8 



t Cell 5 cultured In isonitrogenous glycine (control medium), 

teens were initially cultured in nonarginine medium for 3 days, then recultured \n 0.57-mmol/L arginine for 3 days before harvest 
gNumber of cells recovered divided by the number of cells inoculated and multiplied by 100. Viability was greaterfban 96% as measured 
by propidium iodide staining for all groups. w 
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tiemship have not been elucidated. Although arginine 
appears to be an immunostiinulant of cellular immunity 
in certain situations, it is not dear whether this effect ap- 
plies only to immunogenic tumors, Reynolds et al 5 sug- 
gested that the antitumor effect of arginine may be medi- 
ated by arginine's modulation of host-tumor immune 
interaction/, but only in tumors expressing immunogenic, 
tumor-associated antigens. In their model using protein- 
depleted mice, arginine suppressed the subcutaneous 
growth of moderately immunogenic tumor by enhancing 
cytotoxic T-lymphocyte development and natural killer 
cell activity while stimulating the growth of a poorly rm- w 
monogenic clonal variant. Perhaps weakly immunogenic 
tumor escapes recognition and destruction by immune*! 
defenses— even when these defenses are augmented by 
supplemental arginine. 
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To define the effects of arginine on tumor growth (an 
Issue separate from its potential immunostimulatory 
effects) we used a poorly immunogenic nwn’ne colon tu- 
mor with metastases introduced experimentally to the 
liver. 13 We. hypothesized that in vivo tumor propagation 
might depend on the presence and quantity of arginine 
when propagation occurred while immune defenses may 
have been relatively ineffective. We chose a metastatic 
model of Hver metastasis instead of thp existing, common, 
subcutaneous-inoculation models because of its dose ap- 
proximation to human cancer progression, . 
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cannot be explained by the nutritional effects of ar&jtine 
oix bvex mass. £l been reported 20 that supplementing 
water with arginine does not result in excessive changes 
In carcass weight compared with the carcass weight of 
control nnhnals re ceiving water supplemented With gly- 
dne, and we found no differences in Hver weights 
between the animals receiving arginine-depleted or 
argumie-replfcteU amino add^defineet diets. Differences 
in tumor growth appeared to be independent of nitrogen 
supplementation, as diets were isonitrogenous. Although 
ttu*e hi vivo results could be interpreted as effects on tu- 
mor cell seeding efficiency (via effects on end-organ ad- 
hesion) rather than on the growth of tumor cells, we think 
ttiis is unlikely because the tumor's growth dependence 
on arginine was also confirmed with in vitro experiments. 
There was no growth without arginine, but normal 
growth was observed when arginine was present in the 
medium. These results confirm that.fche original observa- 
tions of Eagle 17 were also valid in our experimental model. 
This effect was similar for both murine (CT-26) and 
human (HT-29) colon tumor cell lines. 

The apparent contradiction of a high S phase associated 
with lower but reversible growth rates in vitro is likely 
secondary to cells that have arrested in S 0 (the quiescent 
S phase) 16 and require arginine for complete cell cycle 
progression. Data from our experiments in which labeling 
of cells with PI and BrdUrd occurred simultaneously add 
supportive evidence to this hypothesis by demonstrating 
that a significant proportion of cells accumulating in the 
S phase secondary to arginine-depleted culture condi- 
tion a are actually quiescent and do iiot synthesize DMA. 
Further study, perhaps using thymidine-pulse or 
S-bromode<oc>widin e-pulse labeling, 14 is needed to de- 
termine the precise mechanism underlying these cell cycle 
aberrations. 

These experimental ‘ findings suggest that metastatic 
tumor growth can be inhibited with dietary depletion of 
arginine. This decrease in tumor growth may be related 
to the basic tumor requirement of arginine for growth that 
was demonstrated in vitro and to the low levsl of tumor 
iihmunogeriidty. Although this observation has yet to be 
made of cancer occurring in humans, potential clinical 
benefit might be obtained by using nonarginine hyperal- 
imentation or amino add-defined diets that may slow the 
growth of metastatic tumor. This concept is particularly 
relevant to humans in that most solid tumors are weakly 
murumogenic- 

Additionally, because of the reversible nature of the in 
vitro accumulation of quiescent S-phase cells observed 
with arginine depletion, potential exists for the use of se- 
lective dietary arginine modulation (depletion followed 
by rppleKon) of cell cyrt* progression. Por example it 
might be possible to synchronize the growth of metastatic 
tumor cells in vivo and enhance the effectiveness of cell- 
cycle spedfic chemotherapy. Further studies examining 
DNA from fresh tumor are needed to confirm thi$. 
Ultimately, we propose that arginine should not be con- 
sidered "grind" nr "bad" for tho tumor-bparing host, but, 
father, viewed as a tool for modifying the biologic behav- 
ior characteristic of the tumor-host relationship. 

We would Lite to thank David M. Ota, MD, for his thoughtful 
vd constructive criticisms of this article and Philip Frost, MD, 
Departments of Cell Biology and Madieinc, University of Texas, 
WD Andcraon Cancer Ccrvicr, HouotoA, for c-upplying the anicito- 
cartinoma cells. We would also like to acknowledge the expert 
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Discussion 

David M. Ota, MD, Houston, Tex: Have you looked at plasma 
arginine levels In your animals that were on the s pedal diets? 
Please comment cm a possible mechanism. Arginine seem* to be- 
an essential nutrient here. How do you think that impacts on the 
cell growth process within the tumor? Is it protein synthesis, or 
is it some ether metabolic pathway for which arginine Is essen- 
tial for cell growth? 

David S. Robinson, MD, Miami, Fla: Can you tdl us how 
those cells that escaped into G2 and M, still depleted of arg in- 
in*, u Taro allowed to got through? ThOrv, with rogArd to tho host, 
tell us about the remaining cellular tissues that are non* 
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